Airway management is often the first priority in emergency care, yet even in the most developed EMS systems, success rates for paramedics performing endotracheal intubation (ETI) can be highly variable, with overall success rates ranging from 74 percent in non-drug assisted intubations to as high as 96 percent for rapid sequence intubaion. 1,2,3 This variation may be expected, as there in wide variation in the type and frequency of airway procedures performed, environmental factors and the characteristics of patients selected for such procedures. 
The use of a training program that incorporates evaluation of the airway, a systematic to airway management, and exposure to a wide variety of rescue devices may prove vaulable to the prehospital provider.
Methods

Participants
After appropriate ethics committee approval, 40 thirdyear paramedic students at Cheju Halla University in Jeju, Korea were recruited for participation in an educational intervention study and randomised into either a control or intervention group. Basic demographic characteristics of each group are shown in Table 1 .
Prior Training
Students in both groups completed approximately 60 hours of airway management training together as part of their Paramedic curriculum. This training included 16 hours of lecture and 24 hours of hands-on instruction using manikin simulations and scenario practice. This curriculum included exposure to assessment of the airway and breathing, bag-valve mask ventilation, placement of supraglottic devices such as the laryngeal mask airway (LMA) and King ® LT airway, and insertion of an endotracheal tube using direct laryngoscopy.
Difficult Airway Training
The twenty students in the intervention group received 16 hours of additional instruction as presented in the Difficult Airway Course™ (http://www.theairwaysite.com) by a staff member at the Cheju Halla University who had been trained in this curriculum. This training included lectures focused on predicting the difficult airway and using a structured problemsolving approach for assessing and securing the airway in a variety of scenarios. As part of the course, students also received instruction in using video laryngoscopy, flexible fiberoptic laryngoscopy, and using a bougie or intubating LMA to assist placement of an endotracheal tube in the setting of a difficult airway. All lectures, simulations and reading materials were provided to the students in the Korean language.
Assessment Procedure
One week after the conclusion of training for the intervention and decreased cervical range of motion. Students were told in advance that they would be expected to demonstrate their airway management skills, but were not informed of the details of the scenarios until they arrived in the examination room.
Before beginning the simulation, each student was oriented to the equipment available, which was tested in advance to confirm that it would work properly with the manikin. In each case, participants were instructed to assess and secure the airway (provide positive-pressure ventilation and protection against aspiration) using any manoeuvers or equipment they felt necessary. An assistant was available to deliver bagvalvemask ventilation or hold equipment, as directed by the study participant. This assistant provided no other guidance or assistance.
Data Collection and Analysis
The primary end-point for this study was the time required for each student to assess the simulated patient and secure the airway with an appropriate device. During each simulation, a video camera was focused on the head and torso of the manikin to record the encounter. A research assistant reviewed each video and used a stopwatch to measure the time it took to achieve the first breath with a definitive device (defined as bilateral chest rise following insertion of an endotracheal tube or supraglottic device), the time to perform the actual intubation or supraglottic airway insertion procedure, and the total time spent on scene performing airway management maneuvers (including any time spent confirming and securing proper endotracheal tube placement).
The research assistant also recorded the number of attempts each participant made to secure the airway and the device or devices used. An attempt was defined as the insertion of a laryngoscope or supraglottic device into the oropharynx, combined with a motion intended to allow visualization of the glottic opening (during laryngoscopy) or secure placement of the supraglottic device.
An examiner was present in the examination room to introduce each scenario to the examinee. These examiners were provided with a checklist of skills and manoeuvers the examinees should demonstrate during their attempt to secure the airway and recorded whether or not these were properly performed. The skills assessed for each scenario are shown in Table 3 . The examiners were faculty who had assisted with instruction for the intervention group, so they were not blinded to the participants' status as part of the control or intervention groups.
Finally, before completing the simulation scenarios, participants also completed a short attitudes survey regarding their perceived preparedness to manage a patient with a normal or difficult airway.
To compare the mean time on scene until first airway secured and mean length of successful intubation attempt we used the 
Results
All 40 participants enrolled in the study participated fully in the training (if assigned to the intervention group) and assessment phases.
Primary Outcomes:
As shown in Figure 1 , participants in the intervention group were able to assess the simulated patient, insert an appropriate airway and deliver effective ventilation faster than students in the control group for the normal intubation (a, p = XXX) and tongue edema (b, p < 0.001) scenarios. There was no difference in the cervical spine immobilization scenario (c, p = 0.53). In the normal intubation scenario, all participants in both groups were able to secure the airway. The time to perform the intubation procedure itself was not significantly different. The percentage of students in each group securing the airway on the first attempt was not significantly different (Table 2 ).
In the tongue edema scenario, none of the students in the control group were able to secure the airway, while 18 of 20 students in the intervention group eventually did so. On average, they used 3.15 different devices and 3.85 separate attempts to secure the airway, requiring 371 seconds before the first breath was delivered through a definitive device (Table 2 ).
In the cervical spine immobilization scenario, 19 of 20 students in the control group and all 20 students in the intervention group were able to intubate the manikin. The time for delivering the first breath through the endotracheal tube and the time for the intubation procedure itself were not significantly different between groups. The percentage of students in each group securing the airway on the first attempt was not significantly different (Table 2) .
Devices Used By the Two Groups
In the normal intubation scenario, students in both groups generally used direct laryngoscopy. Although two students in the intervention group used a bougie to assist intubation, there was no significant difference overall in the types of devices used by participants in each group (Figure 2a ).
In the tongue edema scenario, students in the control group tended to use direct laryngoscopy or a supraglottic device such as a Combitube ® Airway or LMA, but were unable to achieve effective ventilation. Students in the intervention group frequently attempted the use of a supraglottic device initially, Figure 2 . Different Devices Used In Each Scenario. Some students used more than one type of device in a given simulation scenario. (Figure 2b ).
In the cervical spine immobilization scenario, students in the control group tended to use either direct laryngoscopy or a supraglottic device, while students in the intervention group frequently chose to use a bougie to assist intubation. Overall, there was a significant difference in the types of devices used by participants in each group (Figure 2c ).
Airway Management Skills Demonstrated
While completing each simulation, participants were scored on a series of skills and maneuvers. Table 3 shows the skills assessed for each simulation scenario and the number of students within each group completing each step. In each scenario, students in the intervention group completed significantly more total steps on average than students in the control group (p<0.001 for all scenarios).
Attitudes Survey
As shown in Figure 3 , students in the intervention group were more likely to strongly agree with the statement, "I am confident in my ability to successfully perform an endotracheal intubation on a patient with normal airway anatomy," and strongly agree or agree with the statement, "I am confident in my ability to successfully secure the airway of a patient with abnormal anatomy or another complication."
Implications
There are limitations to this study. First, it is a manikin study and may not adequately represent these conditions in the field. Secondly, the results from this study require a careful interpretation due to the small sample sizes used. It is also important to note that use of advanced airway devices by paramedics in Korea is limited due to government regulations and physician-led current practice. Nevertheless, this study has made an important step to improve training of paramedics in Korea. In this study, exposure to diverse strategies for airway management significantly improved performance in a simulated scenario. Strengthening paramedic performance through the use of innovative training strategies is likely to advance EMS field care and performance by providers. Empirical studies are needed to measure the true impact of Difficult Airway Training on the patient care provided by EMS providers. Another implication is that the results have provided academics with an opportunity to critically discuss if and how these strategies can be implemented in curriculum. The discussion on educational benefits and challenges in making extra training available to all students will be an essential step to start with.
Conclusions
Difficult airway training improves Korean paramedic students' performance on simulated airway management scenarios. Further field clinical studies are needed to determine the true benefit of this and other training strategies on the performance of airway management by paramedics.
